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Abstract 
The article deals with the solution of the electrodynamic problem on the border enclosing structure anechoic chamber in a 
rigorous formulation in an infinite region of space. The proposed solution comprises two stages. The first is calculated on the 
basis of experimental studies of complex permittivity and permeability of radio absorbing material using Nicolson-Ross-Weir 
model. The second evaluates channel Floquet transmission and reflection coefficients for the walls in an infinite plane. The 
articles shows the obtained dependence of the transmission coefficient on the mesh structure for the combination of the mesh 
structure and the dielectric plate. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
Keywords: anechoic chamber; Floquet channel; electromagnetic radiation; mesh structure; dielectric permittivity ; magnetic permeability. 
1. Introduction 
For carrying special investigations bench (SI) of side electromagnetic radiation and interference (PEMIN) 
technical devices (TD) in accordance with the regulations and methods necessary to have an alternative 
measurement area (AMA). AMA can be called a "semi-anechoic" chamber, as it differs from the anechoic chamber 
(AC), the presence of ground plates on the lower boundary of the chamber [1]. To AMA some requirements on the 
coefficient of anechoic and shielding effectiveness of external industrial interference [2, 3, 4].  For this purpose a 
series of tests carried out on the suitability of the built AMA [5]. Construction of AMA is quite costly and requires a 
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comprehensive approach to address identified problems [6], achieved in different ways: geometry, size, use of 
radioabsorbing materials (RM), shielding materials, interference suppression filters [7]. All walls of AMA (except 
for the lower) have a multilayer structure shown in Fig. 1 (with an indication of the direction of incidence of the 
electromagnetic wave ܧሬԦ௜ by TD).  
 
Fig. 1. Structure of walls of AMA, where d1 – thickness RM; d2, d4 – thickness of mesh screens; d3 – the thickness of the air layer. 
In order to assess suitability of the use of AMA, scheduled to build, simulate electromagnetic processes taking 
place inside the room AMA and on its boundary. Considering that applied shielding fine screen [8] and RM, ideal 
modeling of AMA with all the elements of its construction requires a considerable amount of computational 
operations (in the frequency range from tens of kilohertz to several gigahertz, the minimum linear dimensions of the 
site - the order of several meters, mesh size - a few tenths of a millimeter). 
The possibilities of experimental modeling AMA is very limited: the quality of the measurements in the required 
frequency range [2] difficult to achieve because of the problem unformed front of wave (the far zone is formed at a 
considerable distance) and background electromagnetic noise (low signal to noise ratio). Deserves special attention 
RM: manufacturers, as a rule, do not indicate exhaustive characteristics of materials, and are limited to specifying 
the reflection losses at perpendicular incidence of the wave [9]. These data do not allow us to estimate the 
coefficients of transmission and absorptionbecause for understanding the full picture of electrodynamic processes 
occurring in the material, it is necessary to know the permittivity, permeability and conductivity of the material. 
For simplicity the model simulations AMA is carried out in two stages: the general problem is solved in the 
volume in the optical approximation and is based on the solution of the electrodynamic problem on the border 
enclosing structure AMA in a rigorous formulation in an infinite region of space. 
The solution of the electrodynamic problem is done in two stages: first, the calculation of complex permittivity 
and permeability RM (based on his experimental studies), and secondly, the calculation of transmission and 
reflection coefficients on the basis of modeling walls of AMA in an infinite plane. 
2. Permittivity and permeability of RM 
Preliminary assessment of the permittivity and permeability performed capacitive (low frequency) and waveguide 
(high-frequency) method [12] for the investigated RM, which is used as the ferrite tile absorber [9]. 
In the measurements capacitance method sample was placed between the plates of the capacitor and determines 
the change in capacitance and dielectric loss tangent with the introduction of RM to the condenser. Obtained the 
following results measured at a frequency of 100 kHz: 
without RM: ɋ=10,4 pF, tg G = 0,066; 
with RM: ɋ=78,7 pF, tg G = 0,02; 
'ɋ=68,3 pF, 'tg G = 0,046. 
By measuring the transmission and reflection coefficients in the waveguide at a frequency of 8.4 GHz, the 
dielectric constant of the sample RM estimated. n accordance with the method of the scattering matrix of attenuation 
coefficient E [10] totaled 
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E ൌ ȁௌభమȁ
మ
ଵିȁௌభభȁమ
ൌ ͲǡͲ͵ͷ ൌ െͳͶǡ͸݀ܤ, 
where ȁ ଵܵଵȁ=0,316 – reflection coefficient, ȁ ଵܵଶȁ=0,0316 – transmission coefficient. 
According to the manufacturer, RM has a significant permeability, which can also must take into account at 
modeling of the electromagnetic wave passing through the wall AMA. 
Thus, there is attenuation in the material at different frequencies, which indicates the presence of loss and the 
need to incorporate the permittivity and permeability in complex form. 
There are various methods for measuring permittivity and permeability [12] coaxial probe, a method of "free 
space", a cavity resonator, the method of parallel plate waveguide and coaxial transmission line. Variant with coaxial 
probe is not suitable, because investigated RM has permeability. Use of the method "free space" is limited because 
of the need to use low-frequency antennas and RM big sample size. Application of the waveguide method and 
method of "cavity resonator" is limited to a narrow range of frequencies. The capacitive method is not applicable due 
to the substantial errors caused by low quality factor of the investigated RM.  
The most suitable from the viewpoint of applicability is the method of the coaxial transmission line, which 
provides broadband measurements from 100 MHz to 8 GHz [11]: 
ܦ ൅ ݀ ൏ ଶ
గ
O, 
where D – large diameter line, d – the diameter of the inner shaft. 
An advantage of the method is the use of a T-wave type coinciding with type of waves in free space, and the 
applicability of the method for magnetic materials. Thus, the coefficients of transmission T and reflection R, 
measured in a coaxial transmission line, can be applied to calculations in the free space. [12, 13] 
Calculations of complex permittivity and permeability on the basis of found T and R ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɧɚ ɨɫɧɨɜɟ 
ɦɨɞɟɥɢ Nicolson-Ross-Weir [14]. This requires the manufacture of a toroid RM thickness d, set coaxial 
transmission line and to measure the parameters of the scattering matrix. The characteristic impedance of the 
material is of the form 
ܼ ൌ ට
ஜೝ
ఌೝ
ܼ଴, 
where Ɋ௥, ߝ௥ – relative permittivity and permeability of material, ܼ଴– characteristic impedance of the free space. 
The reflection coefficient of the surface of the RM has the form 
 ܴ ൌ ୞ି୞బ
୞ା୞బ
ൌ ඥஜ౨Ȁக౨ିଵ
ඥஜ౨Ȁக౨ାଵ
. (1) 
The transmission coefficient for a finite thickness can be written as  
 ܶ ൌ ሾെ݆ Z
௖
݀ξɊ௥ߝ௥ሿ, (2) 
where ߱ – circular frequency, ݀ – thickness of the material. 
The coefficients of the scattering matrix S11 and S21 has the form: 
ܵଶଵሺɘሻ ൌ
ሺଵିோమሻ்
ଵି்మோమ
,  ଵܵଵሺɘሻ ൌ
ሺଵି்మሻோ
ଵି்మோమ
 
Introducing variables 
ଵܸ ൌ ܵଶଵ ൅ ଵܵଵ,  ଶܸଵ ൌ ܵଶଵ െ ଵܵଵ,   ܺ ൌ
ଵି௏భ௏మ
௏భି௏మ
, 
reflection and transmission coefficients can be written as 
ܴ ൌ ܺ േ ξܺଶ െ ͳ,  ܶ ൌ ௏భିோ
ଵି௏భோ
. 
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With regard to (1) and (2) receive 
ஜ౨
க౨
ൌ ሺଵାோ
ଵିோ
ሻଶ ൌ ܥଵ,  Ɋ௥ߝ௥ ൌ െሼ
௖
ఠௗ
ሺଵ
்
ሻሽଶ ൌ ܥଶ 
then 
Ɋ௥ ൌ ඥܥଵܥଶ,  ߝ௥ ൌ ට
஼మ
஼భ
. 
Model Nicolson-Ross-Weir is widely recognized method of calculation of the electromagnetic characteristics of 
the materials from the measured scattering matrix elements and well applicable for materials with both small and 
large losses. [15, 16] 
3. Wall of AMA in infinite area 
Direct simulation walls of AMA to a cascade of relatively large mesh with a mesh of 20 mm and 18 mm and the 
diameter of the wire, respectively, 2 and 1,8 mm, revealed a general problem of modeling - limited computing 
resources. The problem was solved for the walls of the size of 3000 * 5000 mm among computer-aided design 
(CAD) CST STUDIO on a PC with quad-core processor i7, RAM 16 GB and solid-state hard disk drive 1 hour 7 
minutes. The large costs of calculation related to the fact that the definition of radiating elements mesh screens 
requires a large dimension, since the geometry of the cascade return period of two screens large enough. The 
calculation time for volumetric the room 3*4*5 m and mesh wire diameter of 10 mm and 40 mm cell in the range of 
1 GHz to more than 2 days of continuous operation. The situation is exacerbated when registered in the RM with 
complex permittivity and permeability. Thus, the solution of the problem with this approach is not possible. 
The measured value of the transmission coefficient in a waveguide for copper mesh 0,56ɯ0,56 mm with of the 
wire diameter 0,15 mm at a frequency of 8,4 GHz totaled -39,7 dB, and taking into account the intrinsic attenuation 
5 dB in a waveguide, totaled -44,7 dB. The calculated value of the coefficient in CAD CST STUDIO: ޤ39,79 dB. 
The difference can be explained by non-ideal of the meshes (GOST[17] allows deviation in cell size 6 %) and the 
geometry of its placement in the waveguide. Hence the experimental error can be estimated at 6-10%, and therefore, 
requires a method to simulate with a high accuracy. 
The wall of the AMA is a periodic structure, since the two asymmetrical meshes can make the common 
repetition period. Therefore, the natural method of analysis of infinite periodic structures is the use of periodicity 
conditions that reduce the problem of an infinite structure of the analysis of one period [18]. For this purpose use of 
Floquet channel, which is a part of the space bounded by the vertical walls on which you installed periodic boundary 
conditions.  
The electric field intensity for the half- space  ൐ Ͳ in a rectangular channel of Floquet is given [18,19]: 
ܧሺݔǡ ݕǡ ݖሻ ൌ σ σ ܽ௡ǡ௠݁ି௜௞೙௫ି௜ఉ೘௬ି ೙ǡ೘௭௠௡ , 
where ݇௡ ൌ ݇଴ ൅ ʹߨ݊Ȁܮ௫ , ߚ௠ ൌ ߚ଴ ൅ ʹߨ݉Ȁܮ௬, ௡ǡ௠ ൌ ඥ݇ଶ െ ݇௡ଶ െ ߚ௠ଶ ,  ܮ௫ǡ௬ – periods of repetition structure of 
the axes OX and OY,  ܽ௡ǡ௠ – amplitude n,m harmonics, k- the wave number of free space. 
Constant ݇଴ǡ ߚ଴ are given the incident field, which is a plane wave: 
݇଴ ൌ ݇  ߠ ߮, ߚ଴ ൌ ݇  ߠ ߮, 
where ș – meridional angle of incidence of the plane wave, ĳ - the azimuthal angle of incidence. 
In the case of perpendicular incidence for the far zone is only the fundamental harmonic Floquet with parameters 
n=m=0. 
 To verify the possibility of using Floquet channels studied common mesh structures [17] with the CAD CST 
STUDIO. Calculations of the transmission coefficient for the mesh, placed in a coaxial line with outer and inner 
radii, respectively, 16 ɢ 7 mm, and for an infinite network structure by using a predetermined channels Floquet 
demonstrate good agreement, characterized by less than 1 dB. The difference can be explained by the peculiarities 
of the geometry of the current distribution on the border of meshes adjunction and the coaxial line (fig. 2). 
974   I.S. Antyasov /  Procedia Engineering  129 ( 2015 )  970 – 976 
 Fig. 2. Scheme of meshes in a coaxial line. 
Comparing the the transmission coefficient for meshes 1 cell size 0,8 mm and a diameter of 0,32 mm, calculated 
in the coaxial line and using Floquet channels received permanent differences 0,38 dB in the entire frequency range 
(table 1).  Calculations were carried out for a length of coaxial transmission line 100 mm  installed in the middle of a 
mesh, and channel Floquet ports installed accordingly at a distance 50 mm before the meshes and 50 mm after the 
meshes. 
Table 1. The transmission coefficient for the mesh 1. 
Frequency, GHz 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 
Floke, dB 68,819 62,799 59,277 56,778 54,84 53,226 51,917 50,757 49,734 
Klp, dB 68,434 62,414 58,893 56,394 54,457 52,875 51,536 50,377 49,353 
Difference,  dB 0,385 0,385 0,384 0,384 0,383 0,351 0,381 0,38 0,381 
Analogous measurements for the mesh 2 with a cell 0,9 mm  and diameter 0,36 mm in the coaxial transmission 
line using channels Floquet show constant difference 0,15 dB (table 2). 
Table 2. The transmission coefficient for the mesh 2. 
Frequency, GHz 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 
Floke, dB 67,796 61,776 58,254 55,755 53,816 52,233 50,894 49,734 48,711 
Klp, dB 67,948 61,923 58,406 55,907 53,969 52,386 51,047 49,886 48,863 
Difference,  dB 0,152 0,147 0,152 0,152 0,153 0,153 0,153 0,152 0,152 
For a cascade meshes (fig. 3) with the distance between them 50mm and the start of counting phase Floquet 
1000 mm transmission coefficient totaled -107,90 dB at 1 GHz. 
 
Fig. 3. Transmission coefficient for a cascade meshes in the channel Floquet. 
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The foregoing results agree well with the values of the transmission coefficient obtained at the decision with use 
of model the transmission line.[20] 
For the validation of of calculations using a Floquet channels carried out researches the transmission coefficient 
(on power) for a combination of wire mesh (lumen 15 mm, radius 0.3 mm) and a dielectric plate (H/H0=3.6-0.2i, 
thickness 4 mm) depending on the distance h among them at a frequency of 9,375 GHz.  The simulation results 
(fig. 4) have a good agreement with the calculated data obtained by the averaged boundary conditions [21]. 
Revealing of the difference can be explained by to CAD using the method of finite integrals without the use of 
averages.  
 
Fig. 4. The transmission coefficient calculated, using the channels Floquet and [21]. 
Results of calculating the transmission coefficient depending on the thickness of the dielectric plate shown in 
fig. 5. Increasing the thickness of the material affects the ambiguous change in transmission coefficient: it can be 
seen that, firstly, at frequencies greater than 4,62 GHz (the wavelength in the material is 34 mm) the transmission 
coefficient increases with increasing thickness, secondly, at a frequency of about 7 GHz (the wavelength in the 
material is 22 mm) the transmission coefficient for the thickness of 10mm is greater than for other thicknesses. 
These effects can be explained by resonance phenomena related to the wavelength in the material. 
 
Fig. 5. The transmission coefficient in the range of frequencies at different thicknesses of the dielectric plate. 
It is necessary be noted that the the transmission coefficient decreases with increasing thickness of material only 
at frequencies below 3,5 GHz, which is about a quarter of the wavelength in the material which is related to the 
wavelength in the free space ratio O ൌ O଴ ඥH୰μ୰ൗ . Hence, knowing the permittivity and permeability, it is possible to 
determine the optimal thickness of RM. 
Research transmission coefficient for different cell sizes allow to make conclude that the resonance phenomena 
occur at frequencies corresponding to 1/8 multiple of wavelength. This is associated to the number of faces of the 
cell: 4 faces * 1/8 wavelength = 1/2 wavelength. 
Research of the transmission coefficient as a function of the distance between the meshes to reveal the presence 
of resonance at 1/2 wavelength, and the degradation is observed, starting with 1/4 wavelength. 
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Conclusions 
Thus, the determination of complex permittivity and permeability of the material is possible with use of model 
Nicolson-Ross-Weir by analyzing the dependence of the coefficients of transmission and reflection in a coaxial 
transmission line. With known material parameters multilayer structure walls of AMA can be modeled in the a 
rigorous formulation using Floquet channels. In order to assess suitability of the use of AMA, the planned for 
construction, buildings volume model in the optical approximation, from which are issued the necessary 
recommendations to the requirements of the customer. 
This work was financially supported by the Ministry of Education and Science of the Russian Federation in the 
framework of an integrated project under the contract ʋ02.G25.31.0046 
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